Objectives. To evaluate whether differences in tap water and other beverage intake explain differences in inadequate hydration among US adults by race/ethnicity and income.
A ccess to safe, clean drinking water is defined as a human right by the United Nations. 1 Consuming adequate water, whether in the form of plain water, other beverages, or food, is essential for maintaining hydration status, which is in turn critical for proper physiological functioning. Drinking water instead of sugary drinks could help reduce the risk of obesity, 2, 3 and fluoridated water can promote dental health. 4 Although severe dehydration can be life threatening and often requires urgent medical intervention, an emerging body of evidence suggests that mild dehydration or inadequate hydration (i.e., when one is beginning to feel thirsty) may increase the risk of (1) disruptions in cognitive function, (2) fatigue, and (3) lower endurance. 5 Inadequate hydration has also been associated with worse mood and overall subjective feelings of poor health, such as headaches 6 ; conversely, interventions to rehydrate via water intake can improve mood and fatigue. 7, 8 As the recent catastrophe with Flint, Michigan's municipal water system has made plain, access to safe, clean drinking water is by no means universal in the United States and may be negatively affecting both perceptions of water quality and water intake (total water intake and water as a beverage). A national study of US adults found that non-Hispanic Black and Hispanic adults were substantially more likely to report that their local tap water was not safe to drink and that this was associated with drinking less water (either tap or bottled) and more sugar-sweetened beverages. 9 Total water intake, that is, water from all food and beverage sources, is lower among non-Hispanic Black and Hispanic adults than among non-Hispanic White adults, 10 and non-Hispanic White adults are more likely to specifically consume tap water.
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Despite growing research on inadequate hydration and health, [12] [13] [14] [15] [16] disparities in hydration status have not yet been directly assessed in US adults. One recent study found significant disparities among US youths, with boys and non-Hispanic Black youths more likely to be inadequately hydrated. 17 Two recent evaluations of urine osmolality 18 and inadequate hydration as related to body mass index (BMI; defined as weight in kilograms divided by the square of height in meters) 15 in the US population found it to vary by race/ ethnicity; however, these studies' aims did not include quantifying these disparities or exploring why these disparities exist. Understanding population disparities in hydration status among adults, and identifying whether differential consumption of tap water and other beverages influences disparities, may help inform public health efforts to promote well-being. We sought to provide an assessment of disparities in hydration status among US adults by income and race/ethnicity using nationally representative cross-sectional data. We also sought to evaluate the extent to which racial/ethnic or socioeconomic differences in intake of tap water as well as other beverages could explain disparities in hydration status, adjusting for relevant confounders.
METHODS
We analyzed data from a nationally representative sample of participants in the National Health and Nutrition Examination Survey (NHANES). Urine samples were collected from study participants as well as demographic, body composition, and dietary intake data. We analyzed data collected during the 2009 to 2010 and 2011 to 2012 waves on US adults aged 20 to 74 years (n = 10 490 of 20 293 participants). We excluded individuals with missing information on urine osmolality, demographic indicators, dietary intake, physical activity, chronic conditions, blood pressure medication use, and body composition from the analyses, resulting in a final study sample of n = 8258.
Measures
The primary outcome was hydration status. NHANES laboratory staff collected urine samples from participants noting the time of examination (morning, afternoon, or evening). The laboratory staff analyzed urine samples for urine osmolality using the freezing point depression osmometry method. Measures of urine osmolality were not available for the NHANES 2013 to 2014 cycle, so we included only data from the 2009 to 2010 and 2011 to 2012 NHANES, because they provide consistent measures of urine osmolality. Details on specimen collection and processing can be found in the NHANES laboratory and medical technologists procedures manuals. 19, 20 Urine osmolality is a measure of urine concentration expressed as the amount of solute particles in milliosmoles per kilogram of urine. Although other measures of hydration status, including 24-hour urine volume and 24-hour urine osmolality, may be more precise indicators of an individual's hydration status and are typically used in clinical studies, 21 single time point measures of urine osmolality can be used for estimating population prevalences in a large epidemiological study such as this. 12, 15, 17 To define inadequate hydration, we used a cutoff of 800 milliosmoles per kilogram, which has been used in similar cross-sectional studies. [12] [13] [14] [15] 17 Primary predictors. Age, gender, and race/ ethnicity (non-Hispanic White, nonHispanic Black, Mexican American, Hispanic, and other race including multiracial) were collected from all participants via a questionnaire. We categorized those selfreporting as either Mexican American or other Hispanic as Hispanic. Those in the "other race" category included non-Hispanic individuals who reported more than 1 race or a race other than White or Black. Self-reported total household income was collected, and we analyzed this as the ratio of income to the poverty level, controlling for household size. We used the Department of Health and Human Services' poverty guidelines for the respective years included. Those above 130% of the poverty level were categorized as higher income, and those at or below 130% of the poverty line were categorized as lower income.
Covariates. Dietary intake of the day before urine collection was assessed by 24-hour recall. From this, NHANES staff calculated total moisture intake from all foods and beverages (in g). We categorized beverage intake into the following types:
1. plain water (further stratified into bottled and tap), 2. sugar-sweetened beverages, 3. milk, 4. 100% juice, 5. diet beverages, 6. unsweetened coffee or tea, and 7. alcoholic beverages. 22 We assessed whether individuals consumed any of each beverage type and estimated the number of 8-fluid-ounce servings of each beverage type consumed. For alcoholic beverages, serving sizes were 1.5 fluid ounces for spirits, 5 fluid ounces for wine, 8 fluid ounces for mixed drinks, and 12 fluid ounces for beer. 23 We calculated total food moisture by subtracting all grams of moisture consumed from beverages from total moisture. NHANES staff calculated total intake, in grams, of sodium and protein. We have reported food moisture, sodium, and protein in quartiles for ease of interpretation.
NHANES staff calculated BMI from measured weight and height. We assessed physical activity levels from participants' self-reported minutes spent per week in leisure-, work-, or biking-and walking-related moderate or vigorous activity. We then categorized participants as accumulating versus not accumulating at least 150 minutes of moderate to vigorous physical activity each week, consistent with a recent study of hydration status using NHANES. 16 We assessed use of prescription medication for high blood pressure, which may influence urine concentration, from participants' self-report of medication use. To account for general health status, which could affect urine concentration, we used an existing score of multiple chronic conditions, summing participants' reports of having hypertension, heart disease, diabetes, cancer, stroke, chronic bronchitis, emphysema, current asthma, and kidney disease. 24 
Statistical Analysis
To account for the complex sampling design, we used the SAS PROC SURVEYMEANS for descriptive statistics on mean beverage intake and the SAS PROC SURVEYFREQ for estimates of the sociodemographic variables, the proportion of participants drinking any of each beverage type, and the proportion of participants with inadequate hydration (urine osmolality of ‡ 800 mOsm/kg). We estimated logistic regression models using the SAS PROC SURVEYLOGISTIC to account for the complex sampling design and to estimate crude differences in risk of inadequate hydration by race/ethnicity and income status. We also estimated adjusted logistic regression models to simultaneously quantify racial/ ethnic and income differences in hydration status and additionally account for covariates that could influence urine concentration, including age, gender, time of day of urine examination, presence of chronic conditions, use of blood pressure medication, BMI, moderate to vigorous physical activity, sodium consumption, and protein consumption. Next, to first explore whether tap water intake alone might contribute to disparities in hydration status, we examined whether any observed differences in hydration status by race/ethnicity or income were attenuated after including the variable "any tap water intake" in the adjusted logistic regression model. This approach of qualitatively assessing how much modeled estimates of disparities are attenuated after accounting for measures of potential mechanisms for those disparities has been used in similar studies investigating the drivers of sociodemographic disparities in health. 25, 26 In our final model, we included all other beverage types and food moisture. As a supplementary analysis, we also constructed linear regression models (adjusting for the sampling design) that estimated differences in intakes of 8 fluid ounce servings per day of the different beverages by race/ ethnicity and income, adjusting for the same confounders (Table A [available as a supplement to the online version of this article at http://www.ajph.org]). We conducted all analyses using SAS version 9.4 (SAS Institute, Cary, NC).
RESULTS
Most of the sample identified as nonHispanic White (68.3%), with fewer nonHispanic Black (11.1%) and Hispanic (13.7%) participants (Table 1) . A little more than one fifth (23.7%) of the sample was classified as being at or below 130% of the poverty level. Most of the sample was aged between 20 to 39 years (39.3%) or 40 to 59 years (41.5%). Nearly half of the sample had at least 1 chronic condition, and one fifth took blood pressure medication.
In crude analyses of the population prevalence of inadequate hydration, we found that nearly one third of the overall sample (29.5%) was inadequately hydrated (Table 1) . Whereas just more than one quarter of non-Hispanic White adults were inadequately hydrated (26.6%), more than one third of non-Hispanic Black (36.4%) and Hispanic (39.2%) adults were. Whereas more than one third of low-income adults were inadequately hydrated (35.1%), more than one quarter of high-income adults were (27.7%). Overall total moisture intake was 3198.6 grams, but we saw significant variation, with higher intake among non-Hispanic Whites (3341.1 g) than among non-Hispanic Blacks (2694.8 g), Hispanics (3004.7 g), and those identified as other race (2985.2 g; Tables A and B, available as a supplement to the online version of this article at http://www. ajph.org). We also found higher intake for higher-income adults (3247.8 g) than for lower-income adults (3040.6 g), although the difference was not statistically significant in adjusted regression models.
Non-Hispanic White adults reported consuming, on average, 3.5 servings of tap water each day, and adjusted regression models found that non-Hispanic Black adults reported consuming 1.38 fewer servings of tap water (95% confidence interval [CI] = -1.76, -1.00) and Hispanics reported consuming 1.20 fewer servings of tap water (95% CI = -1.86, -0.54) than did their non-Hispanic White counterparts. Conversely, non-Hispanic Black and Hispanic adults reported consuming significantly more servings of bottled water than did nonHispanic Whites. Non-Hispanic Blacks and Hispanics also reported consuming significantly fewer servings of other noncaloric beverages such as diet drinks and unsweetened coffee or tea than did nonHispanic Whites.
Lower-income adults also consumed significantly fewer servings of tap water (estimate: -0.47 servings; 95% CI = -0.86, -0.08) than did higher-income adults and reported consuming more bottled water servings than did higher-income adults although the difference was not statistically significant in adjusted models. Table 2 shows that only about one third of non-Hispanic Black (37.0%) and Hispanic (36.3%) adults reported consuming any tap water compared with more than half of non-Hispanic White adults (59.1%; Figure 1) .
In crude models testing for statistically significant racial/ethnic and income differences in the population prevalence of inadequate hydration, Hispanic adults had 1.78 times higher odds and non-Hispanic Black adults had 1.58 times higher odds of inadequate hydration than did non-Hispanic White adults, and lower-income adults had 1.41 times the odds of inadequate hydration as did higher-income adults (Table 3) . After adjusting simultaneously for race/ethnicity, income status, age, gender, chronic conditions, medication use, the time of day of the urine osmolality assessment, BMI, physical activity, and sodium and protein consumption, these disparities persisted, although they were attenuated. Both non-Hispanic Blacks Consuming any tap water was associated with lower risk of inadequate hydration (AOR = 0.83; 95% CI = 0.70, 0.98). Differences in any tap water intake further attenuated the likelihood of inadequate hydration from an AOR of 1.44 to 1.39 (95% CI = 1.12, 1.71) for non-Hispanic Black adults and to AOR = 1.37 (95% CI = 1.18, 1.59) for Hispanic adults when compared with nonHispanic White adults (Table 3 ). There was little attenuation in the AOR for lowerincome adults compared with higher-income adults when accounting for any tap water intake (AOR = 1.21; 95% CI = 1.01, 1.44). When we included intake of moisture from all other sources, the AOR for non-Hispanic Blacks was no longer statistically significant (AOR = 1.22; 95% CI = 0.98, 1.52), suggesting that both lower tap water and lower intake of other beverages among nonHispanic Black adults may fully explain disparities in hydration status. We did not observe a similar attenuation after additional adjustment for intake of moisture from all other sources for Hispanic adults, although we did observe it for lower-income adults.
DISCUSSION
In this nationally representative crosssectional study, we found substantial racial/ ethnic and income-based disparities in inadequate hydration status. Compared with non-Hispanic White adults, and adjusting for other sociodemographic factors, nonHispanic Black adults and Hispanic adults had more than 40% higher odds of inadequate hydration. We also observed income disparities in hydration status: those with lower incomes had 20% higher odds of inadequate hydration than did higher-income adults, after adjustment for covariates. Differences in tap water intake only partially accounted for racial/ethnic disparities in inadequate hydration, whereas differences in other beverage and total fluid intake appeared to account for disparities by income and by race/ethnicity for non-Hispanic Black compared with non-Hispanic White adults. Because poor hydration status may negatively affect cognitive functioning, mood, and well-being, [5] [6] [7] disparities in hydration status have concerning implications for disparities in overall wellbeing and daily functioning.
Sociodemographic differences in total fluid intake, 10 particularly tap water, 11 are a challenge for promoting health equity. Although intake of beverages other than tap water can clearly promote adequate hydration, these beverages do not have the potential of tap water, when fluoridated, for positive effects on dental health. 4 Additionally, consumption of sugarsweetened beverages in particular raises obesity risk. 27 Previous research has identified higher consumption of sugar-sweetened beverages in non-Hispanic Blacks, 28 and in our own analysis we found that non-Hispanic Blacks and Hispanics were significantly less likely to consume noncaloric beverages such as tap water, diet drinks, and unsweetened coffee or tea. In addition to concerns about how disparities in the intake of sugary alternatives to tap water may influence disparities in health and obesity risk, there is an economic concern. Purchasing beverages, including bottled water, rather than using tap water is an economic burden that our study and previous studies show falls disproportionately on lower-income individuals and people of color.
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Tap water is the least expensive way to maintain hydration status while also having additional health benefits. However, as recent events in Flint, Michigan, and in California's Central Valley have highlighted, 29, 30 there are substantial social inequities in access to safe drinking water in the United States and in perceptions of water quality. 31 Many communities in the United States, particularly communities of color, perceive tap water to be unsafe, either because of poor access to tap water that is safe for drinking or because of historically poor access. 9, 32, 33 Perception of poor tap water safety is, in turn, linked with higher consumption of both bottled water and sugary drinks among non-Hispanic Black and Hispanic adults. 9, 34 Policies addressing the renovation of deteriorating drinking water infrastructure throughout the country and public health efforts to address widespread perceptions of poor tap water quality among communities of color may be needed, as is research to more comprehensively document access to safe tap water across the United States and how that access may differ by regional and sociodemographic factors. Research is also needed on how to more successfully promote the intake of healthy beverages in general.
In this study, we found similar disparities in inadequate hydration status by race/ethnicity and gender as found in a previous study of inadequate hydration among US children and adolescents. 17 However, the previous study also found inadequate hydration status to be more prevalent overall (54.5%) than what we observed among adults (29.5%), as did another recent study focusing on children. 12 The reason for this stark difference in Note. SSB = sugar-sweetened beverage.
a Those above 130% of the poverty level were categorized as higher income, and those at or below 130% of the poverty line were categorized as lower income. Note. Sample size was n = 8258.
*Significantly different from non-Hispanic White persons (P £ .001). P value is from logistic regression models comparing likelihood of consuming any of each beverage type for non-Hispanic Black, Hispanic, and other race groups to non-Hispanic White persons, accounting for complex sampling design and adjusted for age category (20-39, 40-59, 60-74, and ‡ 75 y), gender (male or female), number of chronic conditions, blood pressure medication use (yes or no), time of day of urine sample (morning vs afternoon or evening), body mass index (kg/m 2 ), whether participant met moderate to vigorous physical activity recommendations of ‡ 150 min/wk (yes or no), sodium consumption (in quartiles), and protein consumption (in quartiles). hydration status between adults and children is unclear. It may in part be because even though there are racial/ethnic and socioeconomic differences in beverage access, most adults have far fewer restrictions in their daily lives than do children on when, where, and how they can access a beverage if they are thirsty. Other ageand illness-related issues regarding urine concentration may also contribute to the lower prevalence of inadequate hydration in the adult sample. Risk of inadequate hydration, additionally adjusted for any tap water intake. d Risk of inadequate hydration, additionally adjusted for beverage and moisture from food intake. e Those above 130% of the poverty level were categorized as higher income, and those at or below 130% of the poverty line were categorized as lower income.
Strengths and Limitations
Strengths of this study include the large, representative population and the laboratory-based measurements of hydration status.
There are also several important limitations. Urine osmolality measures from a single point in time can be subject to substantial variation and may be influenced by factors beyond adequate water intake, including dietary factors and physiology. 21 Therefore, a random sample of urine osmolality is not used as a precise diagnostic tool for clinical assessment of the hydration status of individuals, and the hydration cutoff of 800 milliosmoles per kilogram is a crude measure. Although single urine osmolality measurements include random error, measures from a single time point can still serve as indicators of population prevalence of hydration status. The estimated proportion of adults with inadequate hydration was not substantially different from an estimate in a recent study of inadequate hydration among adults across 3 European countries that collected 24-hour urine osmolality, a more precise measure of hydration status. 35 The single 24-hour dietary recall used to assess beverage intake is also subject to measurement error and may not be representative of usual intake; however, this error is likely to be random, biasing results toward the null. One concern could be that the time lag between the previous day's dietary recall and an afternoon measure of urine osmolality could obscure true relationships between beverage intake and urine osmolality, because a urine osmolality measure from a single time point is strongly linked with recent fluid intake. However, although dietary intake can vary substantially from day to day, beverage intake is remarkably stable, 36 suggesting that the 24-hour recall may be an adequate measure of usual beverage intake. Additionally, upon restricting the sample to only those with a urine sample collected in the morning, which theoretically better reflects the previous day's diet, we observed results similar to that of the full sample.
The cross-sectional nature of our study precludes us from making firm conclusions about the causal links between race/ethnicity, beverage intake, and hydration status. However, race/ethnicity necessarily precedes both beverage intake and hydration status (i.e., beverage intake cannot "cause" race/ ethnicity). Although we adjusted for many factors that could influence urine concentration and hydration status, we were not able to account for possible regional and seasonal variations that can affect urine osmolality.
Finally, we were unable to assess whether structural or environmental differences in tap water and other beverage access, which may be patterned by race/ethnicity, could help explain disparities in both beverage intake and hydration status. Future studies should continue to evaluate the influence of inadequate hydration on well-being and assess whether disparities in inadequate hydration may partly explain disparities in health and well-being. Further examination of age and gender differences in hydration status are warranted.
Public Health Implications
Significant racial/ethnic and income disparities in hydration status exist in the US adult population. Differences in tap water intake partially explain the racial/ethnic disparities, and additional differences in total beverage and fluid intake appear to fully attenuate income and some racial/ethnic disparities. Public health action should focus on systematically researching access to safe drinking water nationwide and promoting adequate access to and intake of healthy beverages and fluids among lower-income adults and adults of color. This could include improving drinking water infrastructure in areas with poor access to make safe tap water access universal and improving perceptions of tap water and increasing intake to advance health equity. 
